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(57) ABSTRACT 
Apparatus for treating a gaseous hydrocarbon fraction to 
obtain a gaseous fraction and a liquid fraction which appara 
tus includes a shell-and-tube heat exchanger and a distillation 
column, wherein the shell-and-tube heat exchanger includes 
an inlet and an outlet for cooling fluid which inlet and outlet 
are in fluid communication with the tube side of the heat 
exchanger, and an inlet for the gaseous hydrocarbon fraction 
at the upper end of the heat exchanger which inlet is in fluid 
communication with the shell side of the heat exchanger, and 
a conduit for guiding hydrocarbons from the heat exchanger 
to the distillation column which distillation column includes 
an outlet for gas at its upper end and an outlet for liquid at its 
lower end, and process in which Such apparatus is used. 

10 Claims, 1 Drawing Sheet 

3,886,049 A * 5, 1975 Bir et al. ........................... 2O3/9 
4,175,034 A 1 1/1979 Thompson ... ... 208,321 
4.266,958 A * 5/1981 Cummings ... ... 62/633 
4,436,146 A 3, 1984 Smolarek ...................... 165,111 

3 
A 

5 
is 

1 

6 

------ u- 9 
--- 

8 

12 

8-i- 

2 

0 

  



U.S. Patent May 27, 2014 US 8,734,618 B2 

Fig.1 

10 

  



US 8,734,618 B2 
1. 

APPARATUS 

This application claims the benefit of European Applica 
tion No. 08170914.9 filed Dec. 8, 2008 which is incorporated 
herein by reference. 

The present invention relates to an apparatus for treating a 
gaseous hydrocarbon fraction to obtainagaseous and a liquid 
fraction and to a process for use of Such apparatus. 

It is well known to separate hydrocarbons such as crude 
oils and condensates with the help of distillation into several 
fractions on basis of different boiling points. Distillation 
comprises heating the hydrocarbons to be separated and send 
ing the hot vapour/liquid mixture to a fractionating column 
which it enters in the form of a mist. The vapour passes 
upwards and the liquid passes downwards. In the so-called 
rectifying section, condensation and re-evaporation take 
place. The most volatile components, gas and gasoline, are 
removed from the top of the column as a gaseous fraction. 
This gaseous hydrocarbon fraction is usually cooled in a heat 
exchanger with the help of water to condense the gasoline 
vapour while the uncondensable gaseous hydrocarbons 
remain in the vapour phase. The mixture is sent to a vessel to 
separate the vapour phase from the condensate. Part of the 
condensate, called the reflux, is sent back to the upper part of 
the distillation column to maintain a downward stream of 
liquid and to control the temperature at the top by varying the 
amount returned. The remaining part of the condensate is 
removed from the process as a liquid fraction. The uncon 
densable gaseous hydrocarbons are removed as gases. This 
process has been described on page 83 of “The Petroleum 
Handbook’, fifth edition (1966) as published by Shell Inter 
national Petroleum Company Limited. 

US-A-2007/0180855 describes a downflow, knockback 
condenser for removing nitrogen from natural gas in which 
the gas to be cooled flows through the tubes of a heat 
exchanger. This set-up causes a pressure-drop and would be 
prone to fouling if applied with hot hydrocarbon streams such 
as cracking product. 

It has now been found that by integrating the heat 
exchanger and the distillation column according to the 
present invention, the pressure drop over these combined 
units can be further reduced. Such set-up can be especially 
advantageous in debottlenecking when there is a given pres 
sure difference while a higher throughput is desired. A further 
advantage of the set-up according to this invention is that the 
condenser is less prone to fouling. Another advantage of the 
present invention is that it requires less piping and equipment. 
The present invention further has the advantage that less plot 
space is needed and the integrated apparatus is easy to oper 
ate. 

The present invention relates to an apparatus for treating a 
gaseous hydrocarbon fraction to obtainagaseous fraction and 
a liquid fraction which apparatus comprises a shell-and-tube 
heat exchanger, a distillation column and a conduit for guid 
ing hydrocarbons from the heat exchanger to the distillation 
column, wherein the shell-and-tube heat exchanger com 
prises an inlet and an outlet for cooling fluid which inlet and 
outlet are in fluid communication with the tube side of the 
heat exchanger, and an inlet for the gaseous hydrocarbon 
fraction at the upper end of the heat exchanger which inlet is 
in fluid communication with the shell side of the heat 
exchanger, and the heat exchanger further comprises the inlet 
of the conduit for guiding hydrocarbons from the shell side of 
the heat exchanger to the distillation column, and the distil 
lation column comprises the outlet of the conduit for guiding 
hydrocarbons from the heat exchanger to the distillation col 
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2 
umn and further an outlet for gas at the upper end of the 
distillation column and an outlet for liquid at the lower end of 
the distillation column. 

FIG. 1 shows a cross section of the plane through the 
longitudinal axis of an embodiment of the inventive heat 
exchanger. 

FIG. 2 shows a cross section perpendicular to the longitu 
dinal axis of the heat exchanger. 

In the description of the present invention, the expressions 
“an outlet” and “an inlet mean that one or more of these 
outlets or inlets can be present. Several outlets or inlets can be 
advantageous in case there is a relatively large amount of gas 
and/or liquid. It can be especially advantageous for the dis 
tillation column to comprise more than one outlet for liquid if 
liquids of different density are present, for example water and 
a hydrocarbon mixture. In Such case, the outlets can be posi 
tioned at the appropriate height making it possible to remove 
the different liquids separately. In the case of water and a 
hydrocarbon mixture, the outlet for the hydrocarbon mixture 
would beat the side of the distillation column while the outlet 
for water could be at the bottom of the distillation column. 
The majority of the gaseous hydrocarbon fraction to be 

treated according to the present invention, will be in the gas 
phase. However, this gaseous fraction can further contain a 
limited amount of liquid. The amount of liquid generally will 
be less than 10% by weight, more specifically less than 5% by 
weight, more specifically at most 1% by weight, most spe 
cifically at most 0.5% by weight. 
The gaseous hydrocarbon fraction can contain compounds 

other than hydrocarbons, specifically water. The amount of 
compounds other than hydrocarbons generally will be less 
than 10% by weight, more specifically less than 5% by 
weight. It will be clear that if compounds other than hydro 
carbons are present in the gaseous fraction, these compounds 
also are present in the hydrocarbons present in the heat 
exchanger and the distillation column. 
The present invention further relates to a process for cool 

ing and separating a gaseous hydrocarbon fraction, which 
process comprises the use of an apparatus according to the 
present invention in which process a gaseous hydrocarbon 
fraction is introduced into the heat exchanger, cooling fluid 
flows through the tubes of the heat exchanger, hydrocarbons 
flow from the heat exchanger to the distillation column via the 
conduit for guiding hydrocarbons from the heat exchanger to 
the distillation column, a gaseous fraction is removed from 
the distillation column via the outlet for gas, and a liquid 
fraction is removed from the distillation column via the outlet 
for liquid. 

In relation with the present invention, the expression cool 
ing is used to indicate a reduction in temperature and/or 
condensation. 
As mentioned above, the integration according to the 

present invention reduces the pressure drop over the combi 
nation of a cooling and a separation unit. It will be clear that 
the set-up according to the present invention also requires less 
piping and equipment than a conventional set-up containing 
separate units. According to the present invention, cooling is 
carried out within a single apparatus. This makes that the 
maximum amount of heat is recovered thereby increasing the 
possibility of using the recovered heat elsewhere in the refin 
ery. 
The expressions “lower and “upper as used in relation 

with the present invention, refer to the position of the appa 
ratus during normal operation. 
The apparatus according to the present invention com 

prises a shell-and-tube heat exchanger. A shell-and-tube heat 
exchanger is an indirect heat exchanger in which heat is 
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transferred between a fluid passing through tubes and a fluid 
passing through the space outside the tubes. The space inside 
the tubes is referred to as the tube side in relation with the 
present invention, while the space outside the tubes is referred 
to as the shell side. Details of shell-and-tube heat exchangers 
can for example be found in Perry's Chemical Engineers 
Handbook, 5th edition, 1973, McGraw-Hill Inc., page 11-3 to 
11-21. Generally, a shell-and-tube heat exchanger comprises 
a distillation column internally provided with a tube bundle 
comprising a plurality of parallel tubes that extend in the 
longitudinal direction of the distillation column, wherein the 
tube bundle further comprises axially spaced apart transverse 
Supports for Supporting the tubes in the distillation column. 
The distillation column most often is cylindrical. 
The tube bundle is the most important part of the shell-and 

tube heat exchanger. The ends of the tubes are secured to a 
so-called tube sheet. A heat exchanger can include two tube 
sheets, one at each end of the cylindrical distillation column, 
or a single tube sheet at one end of the cylindrical distillation 
column in the event the heat exchanger is a U-tube heat 
exchanger. In the intermediate portions of the tubes, Supports 
generally are present to prevent damage to the tubes due to 
vibrations caused by the fluid flow. 
An aim of the present invention is to reduce the pressure 

drop over the combination of heat exchanger and separator. 
The pressure drop over the heat exchanger can be reduced 
further by ensuring mainly longitudinal flow in the heat 
exchanger. Several means are known for enhancing longitu 
dinal flow in a heat exchanger. Examples of specific means 
are twisted tubes and Support baffles ensuring longitudinal 
flow. Support baffles support the tubes as well as direct the 
fluid flow on the shell side. These baffles are important for the 
heat-transfer characteristics of a heat exchanger. Baffles 
which are especially Suitable for enhancing longitudinal flow, 
are rod baffles, helix baffles and expanded metal baffles. 
Therefore, the heat exchanger for use in the present invention 
preferably comprises tubes selected from the group consist 
ing of twisted tubes and tubes supported by rod baffles, helix 
baffles and/or expanded metal baffles. 
Rod baffles are transverse support baffles having rods 

extending through the lanes between rows of tubes. A baffle 
set can consist of a baffle with rods in all vertical lanes and 
another baffle with rods in all horizontal lanes between the 
tubes perpendicular to the longitudinal axis of the tubes. Rod 
baffles create on the shell side a uniform flow parallel to the 
tubes. 

Helix baffles are baffles having the shape of a helix. They 
can consist of one or more layers of helical baffles. Such 
baffles are commercially available. Further information on 
helix baffles can be found in U.S. Pat. No. 4,697,321. 

Expanded metal baffles are transverse Supports for Sup 
porting tubes in a heat exchanger which are made of a sheet of 
expanded metal. A sheet of expanded metal is made from 
sheet metal that is slit and stretched into a structure of cross 
laths with interstices. The size of the interstices can be so 
selected that it is about equal to the diameter of the tube, so 
that the tube is supported in the transverse directions by a 
single transverse Support. Alternatively, the size of the inter 
stices can be larger than the diameter of the tube so that a 
transverse Support Supports the tube in one or two transverse 
directions. In this case, two or more transverse Supports dis 
placed relative to each other will be needed to support a tube 
in all transverse directions. Expanded metal baffles have the 
advantage that longitudinal flow has minimum restrictions 
while the tilting of the strands and bonds induces local cross 
flow. Expanded metal baffles have been described in EP-A- 
14725OO. 
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4 
In view of their specific properties, it is preferred to apply 

in the present invention a heat exchanger comprising tubes 
supported by expanded metal baffles. 
The cooling fluid for use in the present invention can in 

principle be any fluid. In most cases, hydrocarbons or water 
will be preferred. Generally, water is most preferred. The 
cooling fluid will generally flow into the tubes of the heat 
exchanger via a tube sheet which is a plate which is closed 
except for the openings of the tubes of the heat exchanger. It 
is further preferred that the heat exchanger comprises at least 
one separator plate perpendicular to the tube sheet which 
separates the inlet from the outlet for cooling fluid. More than 
1 separator plate will be present if the cooling fluid is to pass 
through more than 1 sets of tubes. 
The heat exchanger comprises an inlet for the gaseous 

hydrocarbon fraction. It is preferred that the gaseous hydro 
carbon fraction is evenly distributed over the cross-section of 
the heat exchanger in order to make full use of the heat 
exchange capacity. An even distribution can be attained by 
using several inlets for introduction of the gaseous hydrocar 
bon fraction such as 3 or more inlets. A preferred method of 
ensuring an even distribution is by using an inlet which is in 
fluid communication with an annular distributor which again 
is in fluid communication with the shell side of the heat 
exchanger. Such annular distributor preferably is a hollow 
ring around the heat exchanger wherein the outer Surface of 
the distributor is parallel to the longitudinal axis of the heat 
exchanger tubes and which hollow ring comprises one or 
more inlet openings which are in fluid communication with 
the inlet for introduction of the gaseous hydrocarbon fraction 
into the heat exchanger and comprises outlet openings which 
are in fluid communication with the shell side of the heat 
exchanger. As the ring is hollow, it comprises an annular 
chamber through which fluid can flow. The annular distribu 
tor preferably comprises a single inlet. 
The gaseous hydrocarbon fraction to be treated in the appa 

ratus according to the present invention can in principle be 
any fraction. Specific gaseous fractions which can be treated 
with the help of the present invention are gaseous fractions 
obtained in a catalytic cracking unit, in a hydrocracking unit 
or obtained by distillation at normal or reduced pressure. A 
fraction for use in the present invention will generally be such 
that at least 95% by weight of the hydrocarbons boil at normal 
pressure below 300° C., more specifically below 250° C., 
most specifically below 200°C. The precise boiling range of 
the gaseous hydrocarbon fraction depends on the process by 
which the gaseous fraction has been obtained. 
Upon entering the heat exchanger, the gaseous fraction 

generally has a temperature of from 125 to 250° C. After 
having been treated in the heat exchanger in accordance with 
the present invention, the cooled hydrocarbon fraction gen 
erally has a temperature of from 100 to 150° C. 
The apparatus according to the present invention can be 

applied at elevated, atmospheric and reduced pressure. 
After having been cooled in the heat exchanger, the hydro 

carbons are sent to a distillation column for separating gas 
eous hydrocarbons from liquid hydrocarbons. The only fluid 
connection between the heat exchanger and the distillation 
column will generally be the conduit for guiding hydrocar 
bons from the exchanger to the distillation column to ensure 
that gaseous compounds cannot flow back into the heat 
exchanger. At the upper end, the distillation column com 
prises one or more outlets for gas. The gas which has been 
removed can be sold, stored, treated further or used in any 
other way known to someone skilled. 
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The lower end of the distillation column comprises an 
outlet for liquid. This outlet can contain a vortex breaker in 
order to prevent gas becoming entrained in the liquid. 
The invention will now be described by way of example in 

more detail with reference to the accompanying drawings, 
wherein FIGS. 1 and 2 disclose different cross sections of the 
same embodiment of the present invention. 

FIG. 1 shows a cross section of the plane through the 
longitudinal axis of the embodiment in question, while FIG.2 
discloses a cross section perpendicular to the longitudinal 
axis of the embodiment in question at the height where the 
heat exchanger is Surrounded by an annular distributor. 
Where the same reference numerals are used in FIGS. 1 and 
2, they refer to the same or similar objects. 
The embodiment shown in FIG. 1 comprises a cylindrical 

shell-and-tube heat exchanger 1 and a distillation column 2. 
Various shell-and-tube heat exchangers can be used and 
someone skilled in the art will know which heat exchanger to 
use for which specific set of conditions. The heat exchanger 
has an inlet for cooling fluid 3 and an outlet for cooling fluid 
4. The inlet 3 and outlet 4 are separated by separator plate 13 
which ensures that there is no exchange of cooling fluid 
between the inlet 3 and outlet 4 other than via the heat 
exchanger tubes 7. The inlets and outlets of heat exchanger 
tubes 7 form part of tube sheet11. The heat exchanger further 
comprises at its upper end an inlet 5 for introducing gaseous 
hydrocarbon fraction into the shell side of the heat exchanger. 
The gaseous fraction is introduced at the upper end of the heat 
exchanger which makes that it passes the heat exchanger only 
once. This causes less pressure drop than an operation in 
which the fraction passes through the heat exchanger twice or 
more. In the embodiment of FIG. 1, inlet S is in fluid com 
munication with annular distributor 14. The annular distribu 
tor 14 is a hollow ring around the heat exchanger comprising 
a single inlet opening which is in fluid communication with 
inlet 5. Annular distributor 14 comprises annular chamber 16 
which has outlet openings which are in fluid communication 
with the shell side of the heat exchanger 1. The form of these 
outlet openings is not shown in FIGS. 1 and 2 but these 
openings generally are slits or rectangular openings which 
preferably have their longitudinal axis parallel to the longi 
tudinal axis of the heat exchanger tubes. 

It is preferred that the inlet 3 and outlet 4 of the cooling fluid 
are upstream of the inlet 5 for introducing the gaseous frac 
tion. The heat exchanger 1 further comprises the inlet 6 of 
conduit 12 for guiding hydrocarbons from the shell side of the 
heat exchanger 1 to the distillation column 2. 

The outlet 8 of conduit 12 opens into distillation column 2. 
It is preferred that conduit 12 extends to of from 10 to 80% of 
the height of the distillation column, said height running from 
the inlet of the conduit to the bottom of the distillation column 
or the place where such bottom would have been if there is a 
liquid outlet at the bottom of the distillation column. Prefer 
ably, the conduit extends to of from 25 to 75%, more prefer 
ably of from 30 to 70% of the height of the distillation col 
l, 

The distillation column 2 further comprises one or more 
outlets for gas 9 at the upper end of the distillation column. It 
will be clear to someone skilled in the art that there should be 
sufficient distance between outlet 8 and outlet 9 in order to 
prevent liquid becoming entrained. Preferably, gas outlets 9 
are close to the upper end of the distillation column 2, more 
specifically at from 5 to 30% of the height of the distillation 
column as defined above. Distillation column 2 further com 
prises a liquid outlet 10. 

FIG. 2 discloses a cross section perpendicular to the inter 
section shown in FIG. 1 at the height of the annular distribu 
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6 
tor. The annular distributor 14 is a hollow ring which com 
prises an annular chamber 16 through which fluid can flow. 
The wall of annular chamber 16 which is adjacent to the heat 
exchanger 1 contains outlet openings 15 which are in fluid 
communication with the shell side of the heat exchanger 1. 
The distribution of tubes 7 over the cross section of heat 

exchanger 1 depends on the specific circumstances such as 
the baffles used for supporting the tubes and the heat 
exchange to be attained. 

What is claimed is: 
1. Apparatus for treating a gaseous hydrocarbon fraction to 

obtain a gaseous fraction and a liquid fraction which appara 
tus comprises a shell-and-tube heat exchanger, a distillation 
column and a conduit for guiding hydrocarbons from the heat 
exchanger to the distillation column, wherein 

the shell-and-tube heat exchanger comprises an inlet and 
an outlet for cooling fluid which inlet and outlet are in 
fluid communication with the tube side of the heat 
exchanger, and an inlet for the gaseous hydrocarbon 
fraction at the upper end of the heat exchanger which 
inlet is in fluid communication with the shell side of the 
heat exchanger, said inlet and outlet for the cooling fluid 
being located upstream of said inlet for the gaseous 
hydrocarbon fraction, 

the distillation column comprises an outlet for gas at the 
upper end of the distillation column and an outlet for 
liquid at the lower end of the distillation column, and 

the conduit for guiding hydrocarbons comprises an inlet 
for guiding hydrocarbons from the shell side of said heat 
exchanger and an outlet for guiding hydrocarbons to 
said distillation column. 

2. Apparatus according to claim 1, in which the tubes of the 
shell-and-tube heat exchanger are selected from the group 
consisting of twisted tubes, tubes supported by rod baffles, 
tubes supported by helix baffles, and tubes supported by 
expanded metal baffles. 

3. Apparatus according to claim 2, in which the apparatus 
further comprises an annular distributor which is in fluid 
communication with both the inlet for the gaseous hydrocar 
bon fraction and the shell side of the heat exchanger. 

4. Process for cooling and separating a gaseous hydrocar 
bonfraction, which process comprises the use of an apparatus 
according to the claim 3 in which process 

a gaseous hydrocarbon fraction is introduced into the heat 
exchanger, 

a cooling fluid flows through the tubes of the heat 
exchanger, 

hydrocarbons flow from the heat exchanger to the distilla 
tion column via the conduit for guiding hydrocarbons 
from the heat exchanger to the distillation column. 

5. Process according to claim 4, in which process the cool 
ing fluid is water or hydrocarbons. 

6. Process according to claim 5, in which process at least 
95% by weight of the hydrocarbons of the gaseous hydrocar 
bon fraction boil below 300° C. at normal pressure. 

7. Process according to claim 6, in which process the gas 
eous hydrocarbon fraction is separated off by distillation and 
part of the liquid removed from the distillation column is sent 
back to the distillation column from which the gaseous hydro 
carbon fraction originates. 

8. Process according to claim 4, in which the gaseous 
hydrocarbon fraction is obtained from a catalytic cracking 
unit or a hydrocracking unit. 

9. Process according to claim 8, in which the gaseous 
hydrocarbon fraction contains an amount of liquid, at the 
most 1% by weight. 
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10. Apparatus according to claim 1, in which the tubes of 
the shell-and-tube heat exchanger are Supported by expanded 
metal baffles. 


